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(54) Vehicle running range switching device 

(57) A range switching device is provided that is ca- 
pable of selecting a running range accurately using a 
simple configuration and control. A conversion mecha- 
nism includes a ball screw shaft, a ball nut, and other 
members. The ball nut is connected to a spool through 



an arm member, a range control shaft, and a detent le- 
ver. The spool is moved into a specified selection region 
among a plurality of selection regions by the conversion 
mechanism and the arm member. Then, the spool is 
moved to a selection position by the detent mechanism 
and positioned and held thereat, 
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Description 

[0001] The disclosure of Japanese Patent Application 
No. 2004-061443 filed on March 4, 2004 including the 
specification, drawings and abstract is incorporated 
herein by reference in its entirety. 
[0002] The present invention relates to a vehicle run- 
ning range switching device provided with a so-called 
shift-by-wire system in which a vehicle driver sets a run- 
ning range (for example, P, R, N, D) selected with, for 
example, a shift iever using an electric signal. 
[0003] Generally, a running range of a vehicle provid- 
ed with an automatic transmission is set by a vehicle 
driver operating a shift lever so as to shift a manual 
valve, whereby a hydraulic path is changed. In orderto 
execute such setting, shift-by-wire (SBW) systems are 
known in which the running range selected by the vehi- 
cle driver is set using electric signals (see, for example, 
JP-A-7-310820), instead of with a mechanical wire or 
rod. 

[0004] Further examples include JP-A-2002-31 0295 
that discloses a shift-by-wire (SBW) system that uses a 
feeding screw device, and US-A-4843901 that discloses 
a shift-by-wire (SBW) system using a worm gear. 
[0005] It is well known that the feeding screw device 
disclosed in JP-A-2002-31 0295 is capable of achieving 
a large reduction ratio and high position accuracy. 
[0006] On the other hand, the worm gear disclosed in 
US-A-4843901 can easily obtain a large reduction ratio. 
[0007] However, the art of JP-A-2002-31 0295 is con- 
figured such that rotation of a motor 2 directly causes 
advance/retract of a valve rod 11 of a control valve 1 
using a feeding screw unit 4, which is a conversion 
mechanism. That is, a screw member 42 and the valve 
rod 11 are disposed coaxially in series, and when the 
screw member 42 is moved in the axial direction, an end 
thereof contacts with an end of the valve rod 11 so as 
to cause advance or retraction. For this reason, the unit 
needs to be as long as the lengths of the screw member 
42 and the valve rod 11 , plus a length corresponding to 
an advancement/retraction displacement amount in the 
axial direction of the screw member 42 (which is the 
same as an advancement/retraction displacement 
amount in the axial direction of the valve rod 11). Con- 
sequently, the unit must be substantially enlarged, 
which has a detrimental effect on design freedom since 
installation positioning is restricted. 
[D008J In the art of JP-A-2002-31 0295, the rotation of 
the screw member 42 is stopped by a rod 51 that is con- 
nected to a parking unit 5. As a result, durability of the 
rod 51 needs to be improved. Further, the configuration 
is such that vibration generated by rotation of a nut 
member 41 is transmitted directly to the parking unit 5 
and the valve rod 11 of the control valve 1 through the 
screw member 42. Accordingly, durability of the control 
valve 1 is reduced. Further, because the rod 51 and the 
valve rod 11 of the control valve 1 , which require differ- 
ent pressing pressures, are driven by the same screw 



member 42, the screw member 42 may be distorted. In 
this case, balls within the nut member 41 make irregular 
localized contact, as a result of which it impossible to 
drive the nut member 41 smoothly, and efficiency is re- 
s duced. 

[0009] On the other hand, with the art disclosed in 
US-A-4843901 , usually, the worm gear is subjectto sub- 
stantial contact resistance with an intermeshed gear, 
and thus needs to be provided with a larger force from 
io a motor than a ball screw in orderto be rotated. In ad- 
dition, if it is driven in reverse, an even larger force is 
needed, namely, it is necessary to output substantial 
torque from the motor. Therefore, if, for example, the 
running range cannot be changed over because a fail- 
's ure occurs in the motor or the worm gear, with the art 
disclosed in US-A-4843901 , manual release is enabled 
so as to forcibly change the running range and further, 
manual release is executed with a small force. Accord- 
ingly, the worm gear is mechanically separated from the 
20 other gears. 

[0010] However, in this case, manual release cannot 
be achieved easily because it is executed after execu- 
tion of a complicated procedure for separating the gears 
mechanically. Further, a mechanism for mechanical 
25 separation is required, thus enlarging the range switch- 
ing device, and consequently, production costs thereof 
are increased. Moreover, because gears are used for 
torque transmission, manual release cannot be execut- 
ed easily, and therefore, the installation position and 
30 method for manual release are restricted. Additionally, 
after the worm gear and the intermeshed gear are sep- 
arated, they need to be meshed with each other once 
again afterwards. As a result, the gears can be dam- 
aged, which leads to a fall in the durability of the device. 
35 in particular, when only the worm gear needs to be sep- 
arated, meshing of the gear that meshes with the worm 
gear needs to be adjusted. 

[0011] Accordingly, a first object of the present inven- 
tion is to provide a range switching device that offers 
40 improved freedom of design by removing the need to 
enlarge the device. 

[0012] A second object of the present invention is to 
provide a range switching device that is provided with a 
rotation stopping unit that facilitates smooth operation 
is of a conversion mechanism and thus improves efficien- 
cy. 

[001 3] A third object of the present invention is to pro- 
vide a range switching device that is capable of execut- 
ing manual release simply. 

50 [0014] According to the first aspect of the invention, 
linear motion of the conversion mechanism is converted 
to swinging motion of the intermediate member, and the 
range switching member is disposed within the prede- 
termined selection region as a result of this swinging 

ss motion of the intermediate member. Consequently, an 
advancement/retraction amount (a movement amount) 
of the range switching member can be adjusted appro- 
priately by the intermediate member (by changing the 
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shape, size, arrangement position, arrangement direc- 
tion thereof.) Thus, it is not necessary to pay special at- 
tention to the advancement/retraction amount of the 
range switching member when respective structural 
members of the range switching device are positioned, 
whereby design freedom is increased and limitations on 
arrangement positions of the respective structural mem- 
bers are reduced. 

[0015] Further, in the conversion mechanism, the 
number of gear steps can be reduced as compared to 
a conversion mechanism constituted from a gear train 
having a plurality of gears. Consequently, controllability 
is improved and structural members for complicated 
control and improving controllability do not need to be 
added. As a result, production cost can be reduced. 
[0016] According to the second aspect of the inven- 
tion, the range switching member is positioned in a pre- 
determined selection region through the intermediate 
member, Consequently, the range switching member 
can be positioned within the predetermined selection re- 
gion using a simple control. 

[0017] According to the third aspect of the invention, 
because linear motion from the conversion mechanism 
is converted to swinging motion by the arm member, the 
magnitude of transmission torque and the movement 
amount (advancement/retraction amount) of the range 
switching member can be adjusted easily by setting the 
length of the arm of the arm member appropriately. Be- 
cause the number of gears in the gear train does not 
need to be increased, thetorque transmission rate does 
not fall, and transmission noise is extremely low. Further 
by changing the length, shape and connection direction 
of the arm member, the advancement/retraction amount 
and the movement direction of the range switching 
member can be adjusted freely. Thus, if any member 
that requires change in advancement/retraction 
amount, such as a lock mechanism, is added to the arm, 
in addition to the range switching member, the advance- 
ment/retraction amount andthe movement direction can 
be set appropriately for each such member. Accordingly, 
general purpose applicability is excellent. 
[0018] Accordingto the fourth aspect of the invention, 
controllability of the conversion mechanism is improved 
as compared to a conversion mechanism constituted 
from a plurality of gears. Thus, the range switching 
member can be placed easily in the predetermined se- 
lection region. Because the range switching member is 
moved in the predetermined selection region to the se- 
lection position that requires high positional accuracy by 
utilization of the detent mechanism, the overall control 
can be simplified and at the same time, high positional 
accuracy is maintained. 

[0019] The provision of the detent mechanism which 
holds the range switching member within the predeter- 
mined selection region enables reaction force from the 
range switching member (for example, a manual valve) 
to be countered so as to hold the position of the range 
switching member. Thus, there is no need for a new po- 



sition holding mechanism to be added, and a conven- 
tional detent mechanism may be used as it is, thereby 
leading to reduction in cost. 

[0020] According to the fifth aspect of the invention, 

5 the advancement/retraction amount can be changed by 
changing the distances between and a shape of a plu- 
rality of convex and concave portions that are provided 
for positioning of the detent member. Thus, the ad- 
vancement/retraction amount of the range switching 

10 member can be adjusted as chosen, and even if the ad- 
vancement/retraction amount of the lock mechanism in 
the detent member is different from the advancement/ 
retraction amount of the range switching member, the 
advancement/retraction amount can be set for each. Ac- 

15 cordingly, general purpose applicability is excellent. 
[0021] According to the sixth aspect of the invention, 
the advancement/retraction amount and the movement 
direction of the range switching member can be set ap- 
propriately using the connection position and connec- 

20 tion direction between the range switching member and 
detent member. 

[0022] According to the seventh aspect of the inven- 
tion, the advancement/retraction amount and direction 
of the range switching member can be set up appropri- 

25 ately by a connection position and connection direction 
of the range switching member and the detent member. 
[0023] According to the eighth aspect of the invention, 
the direction of the linear motion to be converted by the 
conversion mechanism is different from the movement 

30 direction of the range switching member, thereby im- 
proving the degree of design freedom. 
[0024] According to the ninth aspect of the invention, 
the range switching member is moved by the motor into 
the predetermined selection region among the plurality 

as of selection regions through the conversion mechanism 
and the arm member, and afterthat, this range switch ing 
member is further moved by the detent mechanism and 
positioned and held. That is, the motor carries out mac- 
ro-control of the range switching member in which the 

to range switching member is placed in to the predeter- 
mined selection region and afterthat, movement of the 
range switching member within the predetermined se- 
lection region to the selection position, which requires 
higher positional accuracy, is carried out by the detent 

45 mechanism. Therefore, high positional accuracy can be 
maintained while the overall control can be simplified. 
[0025] According to the tenth aspect of the invention, 
high positional accuracy of the manual valve that acts 
as the range switching member can be ensure with a 

so simple control, 

[0026] According to the eleventh aspect of the inven- 
tion, the position of the range switching member can be 
detected without relying on the position of the conver- 
sion mechanism and the operation state of the operating 

55 mechanism of the intermediate member (regardless of 
the lock position of the ball screw). As a result, the ac- 
curacy of position detection is improved, 
[0027] Further, since one of the first and second con- 
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trol units can be incorporated in the case member, ths 
control unit does not need to be provided outside the 
case. Consequently, the size of the mechanism can be 
reduced without an increase in cost. 
[0028] Moreover, at least one of the first and second 
control units are housed in the case member provided 
with the motor. Accordingly, the control unit can be dis- 
posed in the vicin ity of the motor, thereby min imizing th e 
length of wire required for connection thereof. Conse- 
quently, the space necessary for the wiring is reduced 
and the influence of electromagnetic noise generated 
by a long wire can be reduced. 

[0029] According to the twelfth aspect of the inven- 
tion, at least one of thefirst and second control units and 
the position detecting member are housed in the case 
member. Thus, the length of wire for connecting there- 
between can be minimized, the space necessary for the 
wiring can be reduced, and the influence of electromo- 
tive noise generated by a long wire can also be reduced. 
[0030] Further, since at least one of the first and sec- 
ond control units and the position detecting member are 
housed in the case member, these structural members 
do not need to be attached outside the case. As a result, 
the size of the mechanism can be reduced without an 
increase in cost. 

[0031 ] According to the thirteenth aspect of the inven- 
tion, because the first and second control unit are dis- 
posed on the two-upper and lower levels, the occupied 
area can be reduced, as compared to the case of a side 
by side arrangement, by the same amount as the over- 
lapping area between them. Further, the first control unit 
can be added to the conventionally provided second 
control unit without having to make substantial changes 
to design or arrangement. 

[0032] According to the fourteenth aspect of the in- 
vention, because the first and second control unit are 
disposed on the same substrate, the assembly work for 
the first and second control unit is easy as compared to 
a case where they are disposed on two-upper and lower 
levels, Particularly, if the first and second control unit are 
formed on different regions of the same substrate, the 
assembly work therefor is much easier. 
[0033] According to the fifteenth aspect of the inven- 
tion, because the position of the range switching mem- 
ber is detected through the intermediate member, the 
position of the range switching member does not need 
to be detected directly, thereby increasing the degree of 
design freedom, 

[0034] According to the sixteenth aspect of the inven- 
tion, because the conversion mechanism is constructed 
from the ball screw, the range switching member can be 
moved with high positional accuracy. Further, because 
the friction coefficient thereof is extremely small as com- 
pared to a sliding contact screw, the ball screw system 
is particularly effective when the range switching mem- 
ber is positioned in a selection region by the detent 
mechanism. That is, if the ball screw shaft needs to be 
rotated by moving the ball nut in the axial direction, it 
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can be rotated with relative ease, and the torque re- 
quired for rotating the ball screw shaft is small. Thus, 
the size of the motor, which is the driving source, can 
be reduced. Therefore, the size of the mechanism can 

s be reduced, thereby reducing power consumption. 
[0035] Additionally, the movement of the ball nut in the 
axial direction can be controlled in accordance with the 
rotation direction of the motor, thereby improving control 
accuracy. Thus, it is not necessary to add any new mem- 

10 bers for reversing the movement in the axial direction, 
such as an electromagnetic clutch, whereby costs can 
be reduced. 

[0036] Further, setting of the reduction ratio is easier 
as compared to a conversion mechanism constituted of 

'5 a gear train having a plurality of gears and a high reduc- 
tion ratio can be attained by eliminating space in the di- 
ameter direction of the gears. 
[0037] According to the seventeenth aspect of the in- 
vention, a conversion mechanism having an extremely 

so low friction coefficient is configured using an axial cam 
member having a spiral cam groove and roller-shaped 
cam followers which roll along the cam groove. In this 
case also, the same effects as the sixteenth aspect can 
be achieved. 

25 [0038] According to the eighteenth aspect of the in- 
vention, the range switching member can be switched 
by the auxiliary switching unit even if the motor is inac- 
tive. 

[0039] According to the nineteenth aspect of the in- 
30 vention, because the auxiliary switching unit switches 
the range switching member by moving the arm mem- 
ber, the range switching member can be positioned as 
chosen, regardless of the position of the nut member. 
[0040] According to the twentieth aspect of the inven- 
ts tion, because the auxiliary switching unit changes over 
the range switching member by moving the nut member 
of the conversion mechanism, the range switching 
member can be changed over by moving the nut mem- 
ber with a smaller force than when the arm member is 
40 moved. 

[0041] According to the twenty first aspect of the in- 
vention, the nut member of the conversion mechanism 
is stopped from rotating when the engagement member 
held by the case member engages the guide groove. 
45 Accordingly, the nut member is permitted to move with 
a degree of play in a direction in line with the ball screw 
shaft. 

[0042] According to the twenty second aspect of the 
invention, because the engagement member is a pin- 
so like member that protrudes into the case member, the 
configuration of the engagement member is simple. 
[0043] According to the twenty third aspect of the in- 
vention, because the engagement member is a rail-like 
member inserted into the case member, an oil seal, 
55 which is necessary for a configuration in which the en- 
gagement member goes through the case member, is 
not needed. 

[0044] Accordingtothetwentyfourth aspect of the in- 
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vention, because the arm member can be formed by 
combining two parts of the same shape, cost can be re- 
duced since mass production of the shape part is pos- 
sible. 

[0045] According to the twenty fifth aspect of the in- 
vention, because the shape of the arm member offers 
excellent freedom of design, the shape of the arm mem- 
ber can be formed appropriately in line with the arrange- 
ment of other structural members. 
[0046] According to the twenty sixth aspect of the in- 
vention, because the arm member is configured with the 
small two-branch section, the space occupied thereby 
is reduced. 

[0047] According to the twenty seventh aspect of the 
invention, the range switching member can be config- 
ured as a unit with the case member, and following in- 
tegration, can be installed on the casing. Therefore, in- 
corporation is easily possible for any vehicle, including 
those that are not provided with the range switching de- 
vice of the present invention. 
[0048] According to the twenty eighth aspect of the 
invention, it is possible to clearly separate the section 
(the electronic chamber) housing the first and the sec- 
ond control units, and the section (the mechanical 
chamber) housing the conversion mechanism, the arm 
member and the auxiliary switching unit. 
[0049] According to the twenty ninth aspect of the in- 
vention, the overall configuration can be formed to be 
compact. 

[0050] According to the thirtieth aspect of the inven- 
tion, a compact configuration can be attained while pre- 
venting interference between the ball nut and the motor. 
[0051] According to the thirty first aspect of the inven- 
tion, the overal I configuration can be formed to be com- 
pact despite the provision of the auxiliary switching unit. 
[0052] According to thethirty second aspect of the in- 
vention, the axial member of the auxiliary switching unit 
that is disposed in parallel to the ball screw shaft is slid 
in the axial direction during manual operation. Accord- 
ingly, the dimensions of the overall configuration, includ- 
ing that in the sliding direction, and in particular, that in 
the direction perpendicular to the axial direction, can be 
reduced, thereby achieving a compact configuration. 
[0053] Accordingto thethirty third aspect of the inven- 
tion, the bearing supporting rotation of the motor and the 
bearing supporting the end section of the ball screw 
shaft are located at different positions along the axial 
direction. Accordingly, overlap therebetween is prevent- 
ed, whereby size reduction in the direction perpendicu- 
lar to the axis is possible. 

[0054] According to the thirty fourth aspect of the in- 
vention, because the rotation of the nut member is 
stopped by the rotation stopping unit, the screw member 
does not become loose, thus allowing the nut member 
to rotate smoothly and move in the axial direction. Fur- 
ther, a connecting member for connecting the parking 
rod, which acts as a screw member rotation stopper, 
does not need to be provided, in contrast to the inven- 



tions described in the related art. Accordingly, costs can 
be reduced. Further, because the size of the connecting 
member in the axial direction for connecting the rotation 
stopping member does not need to be ensured, the axial 

s direction dimensions can be made compact. 

[0055] According to the thirty fifth aspect of the inven- 
tion, because the rotation stopping unit is supported on 
the case member, vibration generated by the rotation of 
the motor is absorbed by the rotation block, thus ena- 

to bling positioning accuracy of the range switching mem- 
ber to be improved. Further, there is no impact on the 
parking mechanism, in contrast to the case of the inven- 
tions described in the related art. 
[0056] According to the thirty sixth aspect of the in- 

15 vention , the mechanism can be constructed into a sin gle 
unit including the conversion mechanism, thereby im- 
proving the availability for general purpose. Further, the 
parking mechanism is never affected badly different 
from the invention described in the Related Art. 

20 [0057] According to the thirty seventh aspect of the 
invention, because the rotation stopping unit is con- 
structed by engaging the engagement member held by 
the case member with the guide groove in the nut mem- 
ber, the screw member is effectively prevented from be- 

25 ing deformed due to distortion. Consequently, the nut 
member can be slid smoothly along the screw member. 
[0058] According to the thirty eighth aspect of the in- 
vention, because the rotation stopping unit is construct- 
ed by engaging the engagement member held by the 

30 case member with the guide groove in the nut member, 
the screw member is effectively prevented from being 
deformed due to distortion. Consequently, the nut mem- 
ber can be slid smoothly along the screw member. Ac- 
cording to this aspect, the engagement member is con- 

35 figured from a pin-like member that engages the guide 
groove with a degree of play. 

[0059] According to the thirty ninth aspect of the in- 
vention, because the rotation stopping unit is construct- 
ed by engaging the engagement member held by the 
40 case member with the guide groove in the nut member, 
the screw member is effectively prevented from being 
deformed due to distortion. Consequently, the nut mem- 
ber can be slid smoothly along the screw member, Ac- 
cording to this aspect, the engagement member is con- 
45 stituted of a pin-like screw member that engages the 
guide groove with a degree of play. 
[0060] According to the fortieth aspect of the inven- 
tion, because the rotation stopping unit is constructed 
by engaging the engagement member held by the case 
so member with the guide groove in the nut member, the 
screw member is effectively prevented from being de- 
formed dueto distortion. Consequently, the nut member 
can be slid smoothly along the screw member. Accord- 
ing to this aspect, the engagement member is constitut- 
es ed of a rail-like member that engages the guide groove 
with a degree of play. 

[0061] According to the forty first aspect of the inven- 
tion, the configuration is such that the ball nut is sand- 



5 



EP 1 469 236 A2 



10 



wiched by both ends of the two-branch section, and the 
ball nut makes contact with the arm member through 
two points. Consequently, torque is transmitted to the 
arm member equally through the two points so that the 
ball rolls smoothly and the ball nut can move in parallel 
to the shaft. As a result, efficiency of the ball screw can 
be increased and the durability of the ball screw is im- 
proved. 

[0062] According to the forty second aspect of the in- 
vention, because the clearance in the axial direction be- 
tween the ball nut and the arm member can be adjusted, 
the ball can roll smoothly and the ball nut can move in 
parallel to the shaft. Consequently, reduction in the ef- 
ficiency of the ball screw can be prevented, and the du- 
rability of the ball screw is improved. 
[0063] According to the forty third aspect of the 
present invention, because the arm member swings 
with respectto the cam followerthat engages the groove 
in the ball nut when the ball nut moves linearly along the 
ball screw axis, the swinging motion thereof occurs 
smoothly. 

[0064] According to the forty fourth aspect of the in- 
vention, because the cam follower is formed in a ci rcuiar 
shape, the swinging motion of the arm member occurs 
smoothly. Further, because the circular cam followers 
are connected to ends of the two-branch section which 
is formed so as to narrow gradually toward the distal 
ends, the distal ends of the two-branch section are un- 
likely to interfere with the ball nut when swinging motion 
of the arm member occurs. 

[0065] According to the forty fifth aspect of the inven- 
tion, because the cam follower is formed in a circular 
shape, the swinging motion of the arm member occurs 
smoothly. Further because the cam follower is formed 
by folding the distal ends of the two-branch section in- 
wardly, its production is easy. 

[0066] According to the forty sixth aspect of the inven- 
tion, because the cam follower is formed in a circular 
shape, the swinging motion of the arm member occurs 
smoothly. Further, because the circular cam followers 
are provided such that there is overlap with the inside 
of the distal ends of the two-branch section, the distal 
ends of the two-branch section are unlikely to interfere 
with the ball nut when the arm member swings. 
[0067] According to the forty seventh aspect of the in- 
vention, because the cam follower is conf ig u red from the 
roller-like members supported rotatably by the distal 
ends of the two-branch section, the swinging motion of 
the arm member is even smoother. 
[0068] According to the forty eighth aspect of the in- 
vention, because the range can be switched based on 
manual operation of the auxiliary switching unit, even if 
the range switching device is inactive, the vehicle can 
be moved by manual operation. Further, because me- 
chanical separation is not necessary, a mechanism for 
separation is not needed, and thus the auxiliary switch- 
ing unit can be realized with a simple configuration. Ac- 
cordingly, the size of the device can be reduced. Be- 



cause gear deterioration resulting from separation 
thereof can be reduced, the durability of the device is 
improved. 

[0069] According tothe forty ninth aspect of the inven- 

s tion, because the conversion mechanism converts rota- 
ry motion to linear motion, manual release can be 
achieved using linear motion without rotating the gears, 
unlike the case of a conversion mechanism using a gear 
train. Thus, the necessary configuration can be config- 

10 ured with a simple form, thereby allowing reduction in 
the size of the device. Further, because a member for 
the manual release does not need to be positioned on 
a specific transmission member, the degree of design 
freedom is improved. 

15 [0070] Accordingtothefiftieth aspectof the invention, 
the release load and the release stroke can be set ap- 
propriately depending on the length of the arm Of the 
arm member because the conversion mechanism is the 
driven object. Further because the conversion mecha- 

20 nism is a mechanism which converts rotary motion to 
linear motion, the gears do not need to be rotated and 
manual release can be achieved using linear motion. 
Consequently, the device can be simplified and reduced 
in size. Because a mechanism for engaging and disen- 

25 gaging the gears is not needed, the size of the device 
can be reduced. 

[0071] According to the fifty first aspect of the inven- 
tion, manual release can be achieved with a simple con- 
figuration. Because a mechanism for engaging and dis- 
ss engaging gears is unnecessary, the size of the device 
can be reduced. 

[0072] According to the fifty second aspect of the in- 
vention, because the driven object is the intermediate 
member, the auxiliary switching unit may be positioned 

35 freely regardless of the position of the ball nut. Further 
because the range is selected by driving the intermedi- 
ate member, the range switching member can be 
switched more securely. Further, because a mechanism 
for engaging and disengaging gears is not needed, the 

40 size of the device can be reduced. 

[0073] According to the fifty third aspect of the inven- 
tion, manual release can be realized with a simple con- 
figuration. Because amechanism for engaging and dis- 
engaging gears is unnecessary, the size of the device 

45 can be reduced. 

[0074] According to the fifty fourth aspect of the inven- 
tion, because the auxiliary switching unit is detachably 
connected to the linearly moving member, the range 
switching member can be switched by moving the line- 

50 arly moving member linearly along the shaft using the 
auxiliary switching unit. 

[0075] According to the fifty fifth aspect of the inven- 
tion, because the axial member is parallel to the shaft, 
axial length thereof does not need to be extended un- 
ss necessarily, thereby allowing reduced size. Further, be- 
cause the axial member is slid in the axial direction using 
manual operation, the linearly moving member can be 
moved smoothly along the shaft. 
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[0076] According to the fifty sixth aspect of the inven- 
tion, because the conversion mechanism is configured 
using the ball screw, the configuration of the auxiliary 
switching unit can be simplified and the range switching 
member can be switched with a small force. 
[0077] According to the fifty seventh aspect of the in- 
vention, because the auxiliary switching unit is detach- 
ably connected to the ball nut, the range switching mem- 
ber can be switched using asimple configuration without 
providing any special members. 
[0078] According to the fifth eighth aspect of the in- 
vention, man ual release can be achieved using a simple 
configuration and operation, that is, by engaging the 
protrusion of the ball nut with the hook of the axial mem- 
ber. 

[0079] Hereinafter, preferred embodiments of the 
present invention will be described with reference to the 
accompanying drawings. 

FIG. 1 is a perspective view that schematically 
shows the overall configuration of a range switching 
device of a first embodiment; 
FIG. 2(a) shows the internal configuration of a case 
member according to the first embodiment with an 
upper cover and an intermediate cover thereof re- 
moved, and FIGS. 2(b), (c) are sectional views of 
the case member 10 taken along line E-E and line 
F-F, respectively, of FIG. 2(a); 
FIG. 3 is a longitudinal sectional view showing the 
configuration of a ball screw; 
FIG. 4 shows the configuration of a detent lever; 
FIG. 5(a) shows the internal configuration of a case 
member according to asecond embodiment with an 
upper cover and an intermediate cover thereof re- 
moved, and FIGS. 5(b), (c) are sectional views of 
the case member 10 taken along line E-E and line 
F-F, respectively, of FIG. 5(a); 
FIG. 6 illustrates the configuration of a third embod- 
iment; 

FIG. 7 illustrates the configuration of a conversion 

mechanism according to a fourth embodiment; 

FIG. 8 is a perspective view that schematically 

shows the overall configuration of a range switching 

device according to a fifth embodiment; 

FIG. 9 shows the internal configuration of a case 

member according to a sixth embodiment when an 

upper cover is cut through; 

FIG. 10(a) shows the internal configuration of a 

case member according to the sixth embodiment 

with the upper cover and an intermediate cover 

thereof removed, and FIG. 10(b) is a view taken 

along line M-M of FIG. 10(a); 

FIG. 11 is a sectional view taken along the line K-K 

of a range switching device according to the sixth 

embodiment; 

FIGS. 12(a), (b) illustrate the configuration and op- 
eration of a manual release mechanism according 
to the sixth embodiment; 



FIGS. 1 3(a), (b) illustrate the configuration and op- 
eration of an other manual release mechanism; 
FIGS. 14(a), (b) illustrate the operation of the man- 
ual release mechanism shown in FIG. 13 when as- 
s sembled in the case member; 

FIGS. 1 5(a), (b) illustrate the configuration of a ball 
nut rotation stopper according to the sixth embodi- 
ment; 

FIGS. 16(a), (b) illustrate the configuration of an 
"> other bail nut rotation stopper according to the sixth 
embodiment; 

FIGS. 17(a), (b) illustrate the configuration of an 
other arm member; 

FIGS. 1 8(a), (b) illustrate the configuration of yet an 
15 other arm member; 

FIGS. 19(a), (b) illustrate the configuration of still an 
other arm member; 

FIGS. 20(a), (b) illustrate the configuration of still 
yet an other arm member; 
20 FIGS. 21(a), (b) illustrate the configuration of an 
arm member offering excellent space efficiency: 
FIGS. 22(a), (b) illustrate the configuration of an 
other arm member offering excellent space efficien- 
cy; 

25 FIG. 23 is a semi-exploded perspective view of the 
range switching device according to the sixth em- 
bodiment; and 

FIG. 24 is a perspective view that schematically 
shows the overall configuration of a range switching 
30 device according to a seventh embodiment, 

[0080] In the figures, structural members with the 
same configuration and operation are denoted with the 
same reference numerals, and a duplicated description 
35 thereof is omitted. 

First Embodiment 

[0081] FIG. 1 shows a range switching device of a ve- 

40 hide (hereinafter referred to simply as "range switching 
device") according to a first embodiment as an example 
of a range switching device according to the present in- 
vention. The figure is a perspective view that schemat- 
ically shows the overall configuration of this range 

45 switching device 1 . 

[0082] The range switching device 1 is incorporated 
in an automatic transmission (for example, muiti-step 
automatic transmission or continuously variable trans- 
mission (CVT)) that is mounted in a vehicle. As shown 

so in FIG. 1, the main structural members of the range 
switching device 1 include ashift Iever2 which is a range 
selection unit which allows a vehicle driver to select a 
running range; a first control unit 3 for generating an 
electric signal (control signal) based on an electric signal 

55 (shift signal) S1 from the shift lever 2; a motor 4 which 
is controlled based on a control signal from the first con- 
trol unit 3; a conversion mechanism 5 for converting ro- 
tary motion of the motor 4 to linear motion; an armmem- 
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ber 6 for converting the linear motion from the conver- 
sion mechanism 5 to aswinging motion; a spool 7 which 
is a range switching membermoved by the arm member 
6; a position sensors which is a position detecting unit 
for detecting the position of the spool 7 through the arm 
member 6; and a detent mechanism 9 which positions 
and holds the spool 7. Of these main structural mem- 
bers, the first control unit 3, the conversion mechanism 
5, the arm member 6, and the position sensor 8 are ac- 
commodated in the same case member 1 0 and the mo- 
tor 4 is mounted to this case member 1 0, The spool 7 is 
disposed within a valve body 11 of the automatic trans- 
mission. According to this embodiment, an intermediate 
member 1 50, which acts as a powertransmission mem- 
ber, is disposed between the conversion mechanism 5 
and the spool (range switching member) 7. As shown in 
the example of FIG. 1 , this intermediate member 1 50 is 
provided with the arm member 6, a range control shaft 
34, described later, and a detent lever 40, described lat- 
er. 

[0083] Hereinafter, the details of the structural mem- 
bers will be described in order, starting with the shift le- 
ver 2. 

[0084] Automatic transmission running ranges, 
namely, parking (P), reverse (R), neutral (N) and drive 
(D), are indicated ontheshiftlever(rangeseiection unit) 
2. The shift lever 2 is operated directly by a vehicle driv- 
er, and any one of the above described running ranges 
can be selected. Then, a shift signal S1 corresponding 
to the selected running range is generated. Any range 
selection unit other than the shift lever 2 may be used 
so long as it can reflectthe intention of the vehicle driver, 
that is, so long as the shift signal S1 corresponding to 
the running range selected by the vehicle driver can be 
generated. For example, a shift button, a shift switch, a 
voice input device, or the like, may be used. 
[0085] The first control unit 3 generates a control sig- 
nal based on the shift signal S1 generated by the above 
described shift lever 2, and this control signal is used to 
control rotation of the motor 4. Further, a detection signal 
from the position sensor 8 for detecting the position of 
the spool 7 is inputted to the first control unit 3. The first 
control unit 3 controls a rotation direction of the motor 4 
and a rotation start/stop timing based on this detection 
signal. The first control unit 3 is a control unit which 
switches the running range by controlling the operation 
of the spool 7 with the motor 4 based on the shift signal 
S1 from the shift lever 2, that is, a control unit (SBW-CU) 
for controlling a so-called shift-by-wire system (SBW). 
This first control unit 3 is disposed within thecase mem- 
ber 10. 

[0086] Next, the case member 10 and the internal 
configuration thereof will be described with reference to 
FIGS. 2(a), (b), (c). The case member 10 includes a 
case main body 1 3 which is fixed on a part 12 (an A/T 
case) of the automatic transmission; an upper cover 14 
that covers this case main body 1 3 from above; and an 
intermediate cover 15 that covers a section inside of the 



case main body 13. FIG. 2(a) shows a state when the 
upper cover 1 4 and intermediate cover 1 5 are removed. 
FIGS. 2(b), (c) are sectional views of the case member 
10 taken along the lines E-E and F-F, respectively, in 
FIG. 2(a). As shown in these diagrams, the above de- 
scribed first control unit 3 is installed on a rectangular 
base 1 7 provided on a bottom 1 6 of the case main body 
1 3. According to this embodiment, a second control unit 
18 that acts as an A/T ECU (automatic transmission 
electronic control unit) for controlling theenti re automat- 
ic transmission is also installed on the base 1 7. It should 
be noted that the first and second control units 3 and 18 
may be constructed on different substrate that are posi- 
tioned in a row on the same base 17 as shown in FIG. 
2(c), or may be constructed in different regions of the 
same substrate which is then disposed on the base 1 7. 
If both the control units 3 and 1 8 are constructed on the 
same substrate, a wire harness for inter-connection 
thereof can be omitted, and the number of steps re- 
quired for assembling the range switching device 1 can 
be reduced. 

[0087] As shown in FIG. 2(a), the motor 4 is installed 
to the outside of the case member 1 0 by insertion of an 
output shaft 20 thereof into the case member 10. A DC 
motor having a permanent magnet is used for the motor 
4, and a rotation direction, rotation time and rotation tim- 
ing thereof are controlled by the above described first 
control unit 3. 

[0088] According to this embodiment, a ball screw is 
adopted as the conversion mechanism 5. As shown in 
FIG. 3, the ball screw includes a ball screw shaft 21 
which is driven by the motor 4; a ball nut (nut member) 
22 which is engaged with the ball screw shaft 21 so as 
to be movable in the axial direction; and a plurality of 
balls 23 that are interposed between the ball screwshaft 
21 and the ball nut 22. The ball nut 22 is engaged such 
that it is (a) incapable of rotating and (b) capable of axial 
direction movement with respect to the rotation of the 
ball screw shaft 21 . When the ball screw shaft 21 is ro- 
tated, balls 23 circulate within a tube 24 integrated with 
the ball nut 22, thus causing the ball nut 22 to move in 
the axial direction. As shown in FIG. 1 and FIGS. 2(a), 
(b), the ball nut 22 is formedto be generally cylindrically 
and a guide groove 25 is formed along the axial direction 
on the rear side (the upper side in FIG. 3(a)) thereof. 
[0089] A guide rail 26 formed in parallel to the ball 
screwshaft21 inside the case main body 13ismoveably 
fitted to this guide groove 25 as shown in FIGS. 2(a), 
(b). Consequently, rotation of the ball nut 22 is prevent- 
ed. Grooves (engagement grooves) 27 and 28, which 
are perpendicular to the ball screw shaft 21 , are formed 
in upper and lower sections of the ball nut 22. Part of 
the arm member 6. which will be described later, engag- 
es with these grooves 27 and 28. With the configuration 
of this embodiment, not only is the ball nut 22 moved in 
the axial direction by the rotation of the ball screw shaft 
21 , but also the ball screw shaft 21 can be rotated with 
relative ease by movement of the ball nut 22 in the axial 
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direction. "Relatively ease" as used here means as eas- 
ily as the ball screw shaft 21 is rotated by an operation 
of the detent mechanism 9, described later. Further, ac- 
cording to this embodiment, the conversion mechanism 
5 is configured such that rotary motion is converted to 
linear motion, and conversely linear motion is converted 
to rotary motion. Note that, for example, increasing an 
angle of a screw groove of the ball screw shaft 21 allows 
linear motion of the ball nut 22 to be more easily con- 
verted to rotary motion of the ball screw shaft 21 . 
[0090] The arm member 6 has a two-branch section 
30 with a distal end that is divided into an upper section 
and a lower section. Cylindrical protrusions 30 and 31 , 
which engage with the grooves 27 and 28 in the above 
described ball nut 22, areformed in the distal end of the 
two-branch section 30. A rectangularthrough hole 33 is 
made in a base end section of the arm member 6 as 
shown in FIG. 1 . One end section of the range control 
shaft 34, which will be described later, is fitted into this 
through hole 33. When the ball nut 22 moves in the axial 
direction, a tip end of the arm member 6 swings with 
respect to the through hole 33, such that this swinging 
motion rotates the range control shaft 34 via the through 
hole 33. Note that, reference letters P, R, N, D shown in 
FIG. 2(a) indicate positions of the arm member 6 that 
correspond, in order, to ranges P, R, N, D of the shift 
lever 2. In other words, if for example the P range is 
selected, the arm member 6 is located at the position 
indicated by P, as a result of which the spool 7 is located 
at the position P. 

[0091] As shown in FIG. 1, the spool (range switching 
member) 7 constitutes part of a manual valve 35 dis- 
posed within the valve body 1 1 . The spool 7 is supported 
so as to be freely movably in the axial direction (the di- 
rections of arrows A, B), and when the spool 7 is moved 
in the axial direction, a hydraulic path within the valve 
body 11 ischangedso as to set a predetermined running 
range. That is, the spool 7 can be moved to the position 
P corresponding to the P range, a position R corre- 
sponding to the R range, a position N corresponding to 
the N range, and a position D corresponding to the D 
range. Two discs 36 and 36 are fixed to a distal end of 
the spool 7 and an engagement groove 37 is formed 
between these discs 36 and 36. The detent lever 40, 
described later, is engaged with this engagement 
groove 37. 

[0092] As already described with reference to FIGS. 
2(a) to (c), the position sensor 8 is disposed inside the 
intermediate cover 1 5 inside the case member 1 0. The 
range control shaft 34 goes through the center of this 
position sensor 8 . As the position sensor 8, for example, 
a potentiometer may be used, which outputs a voltage 
corresponding to a rotation angle of the range control 
shaft 34. A rectangular prism shaped fitting section 38 
is formed at an end section of the range control shaft 34 
and this fitting section 38 is fitted into the rectangular 
through hole 33 in the above described arm member 6. 
[0093] As shown in FIG. 1 , the detent mechanism 9 



includes the detent lever (detent member) 40, a detent 
spring 41 and a roller 42. The detent lever 40 is a plate- 
like member as shown in FIG. 1 ; a rectangular through 
hole 43 is formed in a lower section thereof, and a rec- 

s tangular prism-shaped fitting section 44 formed at the 
other end of the range selection shaft 34 is fit into this 
through hole 43. The detent lever 40 swings in the di- 
rections of arrows C and D, with the range selection 
shaft 34 as a swing center. A through hole 45, which part 

10 of a parking mechanism (not shown) engages, is pro- 
vided in a left lower section of the detent lever 4, as 
shown in FIG. 4. Additionally, an arm section 46 is 
formed at a right lower section thereof as shown in FIG, 
4, such that the arm section 46 points to the right, and 

15 a pin 47 is formed so as to protrude from the arm section 
46. 

[0094] This pin 47 engages with the engagement 
groove 37 formed between the two discs 36 and 36 of 
the spool 7. The detent lever 40 has four range grooves 

20 a, c, e and g formed in order (from the right of FIG. 1 ) in 
a top section thereof, as selection regions. Further, con- 
vex sections b, d and f are formed between each of 
these range grooves a, c, e and g. The range grooves 
a, c, e and g, described above, basically correspond to 

25 the four positions of the spool 7, namely, the positions 
P, R, N and D. "Basically" is used hereto indicate the 
fact that the range grooves a, c, e and g are regions 
having agiven width (selection regions) andthus, strictly 
speaking, selection positions a1 , c1 , et and g1 in these 

30 range grooves a, c, e and g correspond to the positions 
P, R, N, D of the spool 7. The selection positions a1, d, 
e1 and gl will be described following an explanation of 
the detent spring 41 . 

[0095] The detent spring 41 is formed as a generally 

35 rectangular member and as shown in FIG. 1, is provided 
with a base end 48 which is fixed to the valve body 11 a 
and a two-branch section 50 which is formed at a distal 
end thereof. A roller 42 is supported so as to be freely 
rotatably in the two-branch section 50. As a whole, the 

"0 detent spring 41 acts as a leaf spring, so that the roller 
42 disposed rotatably at the distal end is pressed 
against the inclined faces of each of the range grooves 
a, c, e and g in the detent lever 40, thereby accurately 
positioning and holding the detent lever 40. That is, 

45 when the roller 42 at the distal end of the detent spring 
41 is positioned within the range groove a in the detent 
lever 40 and the detent lever 40 is capable of swinging 
with relative ease, the detent lever 40 is positioned in 
the selection position a1 by an urging force of the roller 

so 42 resulting from elastic force of the detent spring 41 . 
[0096] In otherwords, in the case that the detent lever 
40 is maintained in a swinging-enabled state and the 
roller 42 is positioned within the range groove a, the se- 
lection position a1 is a point at which the range groove 

55 a makes contact with the roller 42 when the detent lever 
40 is moved and then held by the urging force of the 
roller 42. Likewise, in the case that the detent lever 40 
is maintained in the swinging-capable state and the roll- 
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er 42 is disposed within the range groovec, the selection 
position d in the range groove c is a point at which the 
range groove c makes contact with the roller 42 when 
trie detent lever 40 is moved and then held by the urging 
force of the roller 42. Moreover, the selection position 
e1 set in a part of the range groove e and the selecting 
position g1 set in a part of the range groove g are set in 
the same way as the above described selection posi- 
tions a1 and d , and thus a description thereof is omit- 
ted. 

[0097] The selection positions a1, d , e1 and g1 set 
in the above ways correspond exactly, in this order, to 
the positions P, R, N and D of the spool 7. Reference 
positions for rotating (swinging) in the directions of ar- 
rows C and D are set in the detent lever 40, and the 
relation between the angles from the reference position 
to the selection positions a1 , d , e1 and gland the con- 
vex sections b, d and f, and the magnitude of an output 
voltage from the position sensor 8 corresponding to 
each angle is memorized in the first control unit 3. 
[0098] With this embodiment, as described above, the 
configuration is such that the swinging motion (rotary 
motion) of the detent lever 40 in the directions of arrows 
C and D and the moving motion of the spool 7 in the 
directions of arrows A and B are inter-linked, that is, the 
positions of the detent lever 40 corresponds in a one- 
to-one manner with the positions of the spool 7. Given 
this, the spool 7 is controlled accurately by accurately 
controlling the detent lever 40 without controlling the po- 
sition of the spool 7 directly. 

[0099] Next, the operation of the range switching de- 
vice 1 with the above configuration will be described us- 
ing the example of switching from the P range to the R 
range. 

[01 00] When the P range is selected, the roller 42 of 
the detent mechanism 9 is positioned at the selection 
position a1 within the range groove a in FIG. 4. If the 
vehicle driver switches the shift lever 2 from the P range 
to the R range, a shift signal S 1 corresponding thereto 
is inputted to the first control unit 3. The motor 4 is ro- 
tated by the f i rst control u n it 3 so th at the bal I screw shaft 
21 is rotated. Due to this rotation, the ball nut 22 is 
moved in the leftward direction of FIG. 2(a). Along with 
this, the arm member 6 swings in the leftward direction. 
Consequently, the detent lever 40 is rotated in the direc- 
tion of arrow C by the range control shaft 34, so that the 
spool 7 is moved in the direction of arrow B. When the 
output voltage of the position sensor 8 reaches a value 
that corresponds to the convex section b in FIG. 4, the 
first control unit 3 stops the rotation of the motor 4. As 
a result, the roller 42 moves from the range groove a, 
passes over the convex section b, and enters the range 
groovec. 

[0101] If the motor 4 is stopped, the detent lever 40 is 
rotated by the urging force of the roller 42 that is gener- 
ated by the elastic force of the detent spring 41. The 
roller 42 is positioned and held accurately in the selec- 
tion position d within the range groovec by this rotation. 



Consequently, the spool 7 that was located at the posi- 
tion P is accurately positioned at the position R. if the 
motor4 is stopped and the detent lever 40 is rotated by 
the action of the detent mechanism 9, the ball nut 22 is 
s moved in the axial direction by the range control shaft 
34 and the arm member 6, so that the ball screw shaft 
21 is rotated. 

[0102] In this way, with the range switching device 1 
of this embodiment, when the spool 7 is moved from the 

10 position P to the position R in accordance with the ve- 
hicle driverswitching the running range from the P range 
to the R range, control of the motor 4 is executed until 
the convex section b passes the roller 42 such that the 
roller 42 enters the range groove c. After this, the roller 

1 5 42 that is located within the range groove c is positioned 
and held at the selection position c1 by pulling action of 
the detent mechanism 9. Consequently, the spool 7 can 
be accurately disposed at the position R, which corre- 
sponds to the selected traveling range R, using a simple 

20 configuration and control. 

[0103] It should be noted that selection of other run- 
ning ranges is carried out in the same way. 
[0104] According to this embodiment, the conversion 
mechanism 5 is configured from a ball screw and further, 

25 the conversion mechanism 5 also includes the arm 
member 6. Thus, as compared to the conventional ex- 
ample in which the conversion mechanism is configured 
from a plurality of gears, the configuration necessary for 
deceleration is simplified, thereby reducing the overall 

30 size of the range switching device 1 . Further, because 
the arm member 6 converts the linear motion in the axial 
direction of the ball nut 22 to the swinging motion, a large 
reduction ratio can be achieved. Further, the reduction 
ratio can be changed by changing the length ot the arm 

35 member 6, which can be carried out simply. 

[0105] Moreover, according to this embodiment, the 
first and second control units 3 and 18, which are elec- 
tronic components, are disposed within the case mem- 
ber 10 together with the position sensor 8, which is also 

40 an electronic component, and are covered by the inter- 
mediate cover 15. In other words, a double cover con- 
figuration is provided. Consequently, the first and sec- 
ond control units 3 and 18 and the position sensor 8 are 
separated by the intermediate cover 15 from movable 

45 components such as the conversion mechanism 5, the 
arm member 6, and the like, which are disposed outside 
of the intermediate cover 15 but within the same case 
member 10. Thus, fubricant and dust from the movable 
components can be effectively prevented from coming 

50 into contact with the first and second control units 3,18 
and the position sensor 8. By positioning the first and 
second control units 3, 18 and the position sensor 8 in 
the vicinity of each other as described above, the length 
and quantity of the wire harnesses required for con nect- 

55 ing these members can be minimized, thereby simplify- 
ing the wiring system. Consequently, reductions in com- 
ponent cost and assembly cost and space saving are 
achieved and further, the impact of electromagnetic 
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noise caused by the wire harness being long can be re- 
duced. 

Second Embodiment 

[0106] FIGS. 5(a), (b), (c) show a range switching de- 
vice SO according to this embodiment. These figures 
correspond to FIGS. 2(a), (b), (c), in that order. Struc- 
tural members that are the same as those shown in 
FIGS. 2(a), (b), (c) are denoted with the same reference 
numerals, and a description thereof is omitted. 
[0107] With this embodiment, a configuration is 
adopted in which the first control unit 3 (the SBW-CU) 
and the second control unit 18 (the A/T ECU) are posi- 
tioned in an upper-lower two level form. 
[0108] Thefirst control unit 3 is positioned on the bot- 
tom section 16 of the case main body 13 of the case 
member 10 and the second control unit 18 is disposed 
on a supporting member 51 that is disposed above the 
first control unit 3. The first control unit 3 is positioned 
such that it is completely overlapped by the second con- 
trol unit 18. 

[0109] With this embodiment, as compared to the 
case of side by side arrangement, the occupied area can 
be reduced by an amount equivalent to the overlapping 
area of the first and second control units 3 and 1 8. Ad- 
ditionally, the first control unit 3 can be provided in ad- 
dition to the second control unit 1 8 that is conventionally 
used, without the need for large changes in design and 
arrangement. As a result, a conventional range switch- 
ing device can be used effectively. 
[0110] Further, in this embodiment as well, the first 
and second control units 3 and 18 and the position sen- 
sor 8 are disposed inside the intermediate cover 15 in 
the same manner as the first embodiment. 

Third Embodiment 

[0111] FIGS. 6(a), (b), (c) show a range switching de- 
vice 60 according to this embodiment. In the range 
switching device 60 shown in FIG. 6, spur gears 52a 
and 52b are interposed between the output shaft 20 of 
the motor4 and the ball screw shaft 21 of the conversion 
mechanism 5. 

[01 1 2] The spurgear 52a, which has a small diameter, 
is fitted to the output shaft 20 of the motor 4, while the 
spur gear 52b, which has a large diameter, is fitted to 
the bait screw shaft 21 . The spur gears 52a and 52b are 
meshed with each other. 

[01 1 3] Consequently, the gear ratio can be increased, 
whereby the size of the motor 4 can be reduced. 

Fourth Embodiment 

[0114] In the above described first to third embodi- 
ments, examples in which a ball screw is utilized as the 
conversion mechanism 5 are explained. 
[0115] According to the fourth embodiment, a combi- 



nation of a cam and a cam follower is used for the con- 
version mechanism 5 as shown in FIGS. 7(a), (b). 
[01 1 6] As shown in FIG. 7, the conversion mechanism 
5 includes a shaft-shaped cam member 62 having a spi- 

s ral cam groove 61 ; and two roller shaped cam followers 
65 and 66 that are rotatably supported by a two-branch 
section 64 provided at a distal end of an arm member 
63. These two cam followers 65 and 66 engage with the 
cam groove 61 of the cam member 62 at opposite sides 

10 to each other. The arm member 63 is supported by a 
shaft 67 such that it is capable of swinging. 
[0117] With the conversion mechanism 5 having the 
above described configuration, when the cam member 
62 is rotated, the two cam followers 65 and 66 roll along 

15 the spiral cam groove 61 so that the arm member 64 
swings with respect to the shaft 67. 
[0118] According to this embodiment, a configuration 
is provided having an extremely small friction coeffi- 
cient, like the conversion mechanism 5 of the first to third 
embodiments that use a ball screw. Further, since struc- 
tural members corresponding to the ball nut 22 and the 
balls 23 are unnecessary, as compared to the configu- 
ration of the first to third embodiments, the configuration 
can be simplified to this extent. The operation and ef- 
fects are substantially the same as the first to third em- 
bodiments. 

Fifth Embodiment 

[0119] FIG. 8 shows a range switching device 68 of 
the present invention. This embodiment illustrates an 
example of when the range switching device of the 
present invention is applied to a parking mechanism. 
Note that, structural members that are the same as 
those of the first embodiment are denoted with the same 
reference numerals, and a description thereof is omit- 
ted. 

[0120] According to the first embodiment described 
above, the range switching memberwhich is moved by 
the arm member 6 is the spool 7, which corresponds to 
the four positions, namely, positions P, Ft, N and D. In 
contrast to this, according to this embodiment, the range 
switching device is a parking mechanism 73, which is 
constructed so as to correspond to two positions, name- 
ly, a position P (a lock position) and a non-P position (for 
example, a release position). 

[0121] According to this embodiment, the configura- 
tion of the detent lever 70 that constitutes the detent 
mechanism 9 is different to that of the detent lever 40 of 
the first embodiment. The detent spring 41 and the roller 
42, which are other components of the detent mecha- 
nism 9, are the same as those of the first embodiment. 
[0122J With the detent lever 70 of this embodiment, 
as shown in FIG. 8, a rectangular through hole 71 is 
formed in a lower section thereof. The rectangularprism 
fitting section 44 formed at the other end of the range 
control shaft 34 is fit into this through hole 71 . A through 
hole 72 that a parking rod 74 of a parking mechanism 
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73, which will be described later, engages, is formed in 
a top section of the detent lever 70. Range grooves h 
and j are provided in the top edge of the detent lever 70 
as two selection regions. Further, a convex section i is 
formed between these range grooves h and j. The above 
described range grooves h and j basically correspond 
to the lock position and the release position of the park- 
ing rod 74, which will be described later. Here, "basically 
correspond" indicates the fact that the range grooves h 
and j are regions (selection regions) having a given 
width, and that, speaking strictly, selection positions hi 
and j1 (not shown) set in part of these range grooves h 
and j correspond to the lock position and the release 
position of the parking rod 74. Because the relationship 
of the range grooves h and j and the selection positions 
hi and j1 is the same as the relationship of the range 
grooves a, c, e and g and the selection positions a1 , c1 , 
e1 andgt of the first embodiment, a description thereof 
will be omitted. Note that, a reference position for when 
the detent lever 70 rotates (swings) in the directions of 
arrows C and D is set, and the relationship between the 
angle from this reference position to the selection posi- 
tions hi and j1 and the convex section I, and the mag- 
nitude of an output voltage from the position sensor 8 
corresponding to each angle is memorized in the first 
control unit 3. 

[0123] As shown in FIG. 8, the parking mechanism 73 
includes a parking rod 74 having a proximal end that is 
bent in the shape of letter L and which engages the de- 
tent lever 70; a conical wedge 75 (lock member) which 
is fitted to a distal end of the parking rod 74 such that it 
is capable of moving; a spring (compression spring) 77 
which is connected to a flange section 76 fixed on the 
parking rod 74 and the wedge 75; a support 78 disposed 
below the distal end of the parking rod 74; and a parking 
pole 80 which is capable of swing freely so that the 
wedge 75 is inserted into or removed from between the 
support 78 and the parking pole 80. The parking pole 
80 is disposed such that it is capable of swinging freely 
in a substantially vertical direction with respect to an axis 
point 81 at the proximal end. A pawl 83 capable of en- 
gaging with and disengaging from a parking gear 82 
fixed on an output shaft (not shown) of the automatic 
transmission is provided so as to protrude from the up- 
per side of the parking pole 80. 
[0124] Next, as an example, the operation of the park- 
ing mechanism 73 when the range is switched from the 
non P range to the P range by the shift lever 2 will be 
described. When the P range is selected, the detent le- 
ver 70 is rotated in the direction of arrow C by rotation 
of the motor 4 via the conversion mechanism 5, the arm 
member 6 and the range control shaft 34. Consequently, 
the parking rod 74 is moved in the direction of arrow G. 
At this time, the flange section 76 that is integrally 
formed with the parking rod 74 urges the wedge 75 in 
the direction of arrow G via the spring 77. As a result of 
this urging force, the wedge 75 is inserted in between 
the support 78 and the parki ng pole 80, thereby push i ng 



up the parking pole 80 such that the pawl 83 engages 
with the parking gear 82. At this time, if the pawl 83 
comes into contact with a protruding tooth of the parking 
gear 82, the wedge 75 cannot be inserted between the 
s support 78 and the parking pole 80, and thus the wedge 
75 remains in a waiting position where it is urged by the 
spring 77. If the vehicle wheels move slightly in this con- 
dition, the parking gear 82 is rotated, and the paw! 83 
enters into a tooth recess portion of the parking gear 82, 

10 thereby achieving parking lock. 

[0125] In order to release the parking lock, the shift 
lever 2 is used to select the non P range instead of the 
P range, whereby the detent lever 70 is rotated in the 
direction of arrow D by the motor 4, the conversion 

is mechanism 5, the arm member 6. and the like. Conse- 
quently, the parking rod 34 is moved in the direction of 
arrow H, so thatthe wedge 75 is pulled out from between 
the support 78 and the parking pole 80. As a result, the 
parking pole 80 swings downward, such that the pawl 

20 83 is pulled out of the tooth recess portion in the parking 
gear 82. With this, lock release is completed. 
[01 26] As the conversion mechan ism 5 of th is embod- 
iment, for example, a ball screw like that shown in FIG. 
3 , or a combination of the cam member 62 with the cam 

25 followers 65 and 66 shown in FIG. 7 may be used. 
[0127] According to the range switching device 68 of 
this embodiment, when the parking rod 74 is moved 
from the release position to the position P i n accordance 
with the vehicle driver switching the running range from 

30 the non P range to the P range, control of the motor 4 
is executed until the convex section i of the detent lever 
70 passes the roller 42 such that the roller 42 enters the 
range groove h. Following this, the roller 42 located in 
the range groove h is positioned and held at a selection 

35 position (not shown) due to the pulling action of the de- 
tent mechanism 9. Thus, the parking rod 74 can be ac- 
curately positioned at the position P, which correspond- 
ing to the P range which is the selected running range. 
[0128] In this embodiment, as described above, the 

40 range switching device of the present invention is only 
used for switching between two positions, namely, the 
lock position (position P) and the release position (the 
non-P position). In this case, as described above, the 
parking mechan ism 73 corresponds to the range switch- 
es |ng device, it should be noted that, in this example, the 
selection of the running ranges N, D and Ft is carried out 
by another mechanism. 

Sixth Embodiment 

[0129] The internal configuration of the case member 
1 0 of a range switching device 1 00 according to this em- 
bodiment will be described with reference to FIGS. 9, 
10(a), (b) and 11. In the description below, structural 
55 members having the same configuration and operation 
as those of first to fifth embodiments are denoted with 
the same reference numerals, and a description thereof 
is omitted. 
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[0130] With regard to FIGS. 9 to 11; FIG. 9 is a view 
of the case member 10, which includes the case main 
body 13, the intermediate cover 15 and the upper cover 
14, as seen from the side of the upper cover 14 when 
the upper cover 14 is cut off; FIG. 10 is a view of the 
inlernal configuration as seen from the side of the upper 
cover 14 whert the upper cover 1 4 and the intermediate 
cover 15 are removed; and FIG. 11 is a perspective view 
taken along the line K-K of FIG. 9. Note that, FIG. 11 
illustrates a state when the upper cover 1 4 is attached, 
rather than cut off as in FIG. 9, 

[0131] The case member 10 of the range switching 
device 1 00 shown in these figures includes the case 
main body 13 fixed on the A/T case 12, the upper cover 
14 that covers this case main body 13from above, and 
the intermediate cover 15 that covers a section inside 
of the case main body 13. 

[01 32] As shown in FIG. 9, the motor4 is installed out- 
side the case member 1 0 such that the output shaft 20 
thereof is inserted into the case member 10. A small 
spur gear 52a is fixed on this output shaft20 and a large 
spurgear52b fixed ontheballscrewshaft21 is engaged 
with the spur gear 52a. Accordingly, respective forward 
and reverse rotations of the motor 4 are decelerated by 
these spur gears 52a and 52b and transmitted in the 
form of normal and reverse rotations, respectively, of the 
bail screw shaft 21 .The ball nut 22 that meshes with the 
ball screw shaft 21 via the balls 23 (see FIG. 3) is moved 
in one or another direction along the length direction of 
the ball screw shaft 21 by the normal/reverse rotation of 
the ball screw shaft 21 . The ball nut 22 is provided with 
a rotation stopper described hereinafter, which is differ- 
ent to that described previously. 
[0133] The grooves 27 and 28 (groove 27 is not 
shown in FIGS. 9 to 11) are formed in the aforemen- 
tioned ball nut 22 and the distal ends of an arm member 
101 (which is different to that according to the above 
described embodiment and which will be described lat- 
er) engage with these grooves 27 and 28. A range con- 
trol shaft 1 02 (which is different to that according to the 
above described embodiment and which will be de- 
scribed later) is fitted to a proximal end of the arm mem- 
ber 101. When the ball nut 22 moves along the ball 
screw shaft 21, the arm member 101 swings with re- 
spect to the proximal end of the arm member 101 so 
that the range control shaft 102 rotates. As described 
with regard to FIG. 1 , the spool 7 is moved in the direc- 
tions of arrows A or B by the rotation of this range control 
shaft 102. 

[0134] Further, with this embodiment as well, a man- 
ual release mechanism 1 03, described later, is provided 
to ensure switching of the running range even if a failure 
occurs in the motor or the like. 
[0135] Further, according to this embodiment, the 
configuration and housing method of a first control unit 
104 (an SBW CU) and a second control unit 105 (an A/ 
T ECU) that control the rotation of the motor 4 are dif- 
ferent from those according to the above described em- 



bodiments. 

[0136] Hereinafter, five features (points (1) to (5) be- 
low) of this embodiment that are different from the first 
to fifth embodiments will be described in order. 

5 

(1) Manual release mechanism 

[0137] According to this embodiment, the range 
switching device 100 includes a manual release mech- 

10 anism 1 03 as an auxiliary switching unit. With the con- 
figurations of the previous embodiments, the ball screw 
shaft 21 cannot be rotated if a trouble (failure) such as 
breakage or short-circuit occurs in the motor 4, which is 
the driving power source, whereby the running range 

is cannot be switched. 

[0138] To address this, this embodiment includes the 
manual release mechanism 103 as shown in FIGS. 12 
(a), (b). 

[0139] The manual release mechanism 103 shown in 

20 these figures includes a release rod 106 which is dis- 
posed in parallel to the ball screw shaft 21 and which is 
supported by the case member 1 0 so as to be movably 
in the length direction; and a protrusion 107 which is 
formed so as to protrude from the ball nut 22. A hook 

25 (engagement section) 1 06a which is capable of engag- 
ing the protrusion 1 07 is provided at a distal end section 
of the release rod 106. Further, a wire (not shown) ca- 
pable of pulling the release rod 106 in the direction of 
arrow L is connected to a proximal end section 106b. 

so [0140] If, for example, the motor 4 fails to operate 
when the P range is selected, namely, when the state 
shown in FIG. 12(a) exists, the motor 4 is incapable of 
swinging the arm member 101 via the ball screw shaft 
21 and the ball nut 22, and the like, and thus the running 

35 range cannot be changed over. 

[0141] In this case, the release rod 106 is moved in 
the direction of arrow L due to the aforementioned wire 
being pulled, and the ball nut22 is moved in the direction 
of arrow L as a result of the hook 106a of the release 

40 rod 106 being hooked onto the protrusion 107 of the ball 
nut 22. As a result of this movement, the arm member 
101 whose distal end section engages the ball nut 22 is 
swung and forcibly moved to a position that corresponds 
to the range N as shown in FIG. 12(b). 

45 [0142] According to the above described manual re- 
lease mechanism 103, the ball nut 22 is driven by the 
release rod 106. Thus, arelease weight (the force which 
pulls the wire) and a release stroke can be set appropri- 
ately depending on the length of the arm member 101 , 

so and a compact configuration can be provided. 

[0143] FIGS. 13(a), (b) show another example of a 
manual release mechanism. FIGS. 14(a), (b) illustrate 
the operation when this manual release mechanism 1 08 
(auxiliary switching unit) is incorporated in the case 

55 member 1 0. As shown in FIGS. 13(a), (b), the manual 
release mechanism 108 moves the arm member 101 
directly instead of the bail nut 22. The manual release 
mechanism 108 includes a release rod 109 and a guide 
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sleeve 1 1 0 that supports an intermediate section of the 
release rod 1 09 such that the release rod 1 09 is movably 
in the length direction, A hook (engagement section) 
109a capable of engaging the intermediate section in 
the length direction of the arm member 101 is formed at 
a distal end section of the release rod 109. A convex 
section 109b, which functions as a rotation stopped for 
the release rod 1 08, is provided so as to protrude at an 
intermediate section of the release rod 109 such that it 
is capable of movement along a groove 1 1 0a formed in 
the guide sleeve 1 1 0 having an open distal end. Further, 
a wire similar to the one described previously (not 
shown), namely, a wire capable of pulling the release 
rod in the direction of arrow M, is connected to a proxi- 
mal end section 1 09c of the release rod 1 09. 
[0144] If a failure occurs in the motor 4 (see FIG. 12) 
when the P range is selected, that is, when the arm 
member 101 is located at the position indicated by the 
solid line in FIGS. 13(a), (b) and the solid line in FIG. 14 
(a), the arm member 101 cannot be swung by the motor 
4 via the ball screw shaft 21 and ball nut 22, and the like, 
as a result of which switching of the running range can- 
not take place. 

[0145] In this case, the release rod 109 is moved in 
the direction of arrow M by the aforementioned wire be- 
ing pulled, so that the hook 109a of the release rod 1 09 
is hooked on the arm member 1 01 , whereby the arm 
member 1 01 is swung. Consequently, the arm member 
101 can be forcibly moved to the position indicated by 
the dotted line in FIGS. 13(a), (b) and the solid line in 
FIG. 14(b). 

[0146] According to the manual release mechanism 
108 described above, the object driven by the release 
rod 1 09 is the arm member 1 01 . Accordingly, the manual 
release mechanism 1 08 can be disposed freely regard- 
less of the position of the ball nut. 

(2) Ball nut rotation stopper 

[0147] According to the first embodiment, as shown 
in FIG. 2, stopping of the rotation of the ball nut 22 is 
achieved by fitting the guide groove 28 formed in the 
ball nut 22 to the guide rail 26 such that it has a degree 
of play. 

[0148] However, this configuration suffers from the 
problem that the configurations of the guide rail 26 and 
the case member 20 to be installed thereon are compli- 
cated, thereby requiring a number of processing steps. 
[0149] Thus, accordingto this embodiment, as shown 
in FIGS. 15(a), (b), a rotation stopping unit for the ball 
nut 22 is configured by: providing a bolt hole 110 in the 
case member 1 0, and fastening a bolt (pin-like member) 
111 into this bolt hole 110, such that a distal end section 
111a of the bolt 111 is fitted into the guide groove 25 in 
the bolt nut 22 with a degree of play. By mounting a seal 
ring 1 1 1 b between the case member 1 0 and the bolt 1 1 1 , 
the inside of the case member 10 is sealed. 
[0150] As compared to the case where the aforemen- 



tioned guide rail 26 is used, the configuration is simpli- 
fied, whereby a reduction in the quantity of processing 
steps is possible. 

[0151] FIGS. 1 6(a), (b) show an other example of the 
s ball nut rotation stopper (the rotation stopping unit). As 
shown in FIGS. 16(a), (b), a rotation stopperforthe ball 
nut 22 is configured by; providing a hole 1 0a in the case 
member 10, and inserting a long pin (engagement mem- 
ber) 112 that runs in parallel with the ball screw shaft 21 
10 into this hole 1 0a such that the pin 112 is fitted with a 
degree of play into a guide groove 113 in the ball nut 22. 
Because this configuration is realized by simply insert- 
ing the pin 112 into the hole 10a, as compared to the 
above described configuration, the need for providing a 
15 bolt hole in the case member 10 is eliminated, whereby 
the special seal ring 11 1b (see FIG. 15(a)) becomes un- 
necessary. 

(3) Arm member 

20 

[0152] FIGS. 17 to 20 show various shapes of arm 
members 101Ato 101 D. (a) of each figure indicates a 
section perpendicular to the axis of each ball nut 22. (b) 
of each figure, which is a view from the right side of (a), 
25 shows two respective outlines when the respective arm 
members 101Ato 1 01 D are positioned perpendicularto 
the ball nut 22, and when they are inclined at about 20° 
toward the right side. FIG. 19(c) illustrates the same 
state as (b). 

30 [0153] Each arm member 101 A to 101D has a two- 
branch section 114. Fundamentally, amongthe structur- 
al members of these arm members 101 A to 1 01 D, only 
the portions that fit into the grooves 27, 28 (hereinafter 
referred to as "cam followers") are different in shape. 

35 [0154] In FIG. 17, a cam follower 115 is formed with 
a circular shape and distal ends 1 14a of the two-branch 
section 114 are tapered so as to connect to the bottom 
section (given the perspective of the figure) of this cam 
follower 115. 

40 [0155] In FIG. 1B, a cam follower 116 has a circular 
shape and is formed by bending the distal ends 11 4a of 
the two-branch section 114 inwards to the ball nut 22 
side, and inserting them into the grooves 27 and 28.. 
[0156] In FIG. 19, the cam follower 1 7 is formed with 

45 a circularshape. The distal ends 114a of the two-branch 
section 11 4 overlap with the entire length of the cam fol- 
lower 1 1 7 in the vertical direction of the figure. The cam 
follower 117 may be configured such that the distal end 
1 1 4a of the two-branch section 1 1 4 are welded as shown 

so in FIG. 19(b), or may be formed integrally with the distal 
ends 114a of the two-branch section 114. 
[0157] The cam follower 118 in FIG. 20 is formed by 
a roller-like member. This cam follower 1 1 8 is rotatably 
supported by a shaft 1 1 9 that is supported by the distal 

55 ends 114a of the two-branch section 114. The cam fol- 
lower 118 shown in FIG. 20 enables the arm member 
101 D to swing with a smooth motion along with move- 
ment of the ball nut 22. 
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[0158] If the configuration of each arm member 1 01 A 
to 101 Dissymmetrical with respectto the vertical center 
line in the figures, as shown in (a) of each of FIGS. 17 
to 20, the arm members 101 A to 101 D can be construct- 
ed by joining together two components of the same 
shape that are separated into left-right sections with re- 
spect to this center line. In this case, production costs 
can be reduced through mass production of compo- 
nents having the same shape. 

[0159] However, with the arm members 101 A to 101D 
shown in FIGS. 17 to 20, the arm member 6 shown in 
FIGS. 2, Sand Sand the arm member 63 shown in FIG. 
7, the distance between each of the right and left distal 
ends 114a is large, which results in a large space being 
occupied. In order to prevent the distal ends 1 1 4a of the 
two-branch section 114 from interfering with the side 
wall 22a of the grooves 27 and 28 in the ball n ut 22 when 
the respective arm members swing as shown in FIG. 1 7 
(a), a distance L2 between inside faces of the distal ends 
1 14a is set larger than an outside diameter L1 of the ball 
nut 22. As a result, space efficiency is reduced. 
[0160] To address this, as an other example of this 
embodiment, the arm member 1 01 may be constructed 
with the configuration shown in FIG. 21, FIG. 21(a) 
shows a section in a direction perpendicular to the axis 
of the ball nut 22. FIG. 21(b) is a view of (a) as seen 
from the right side. 

[0161] In otherwords, as shown in FIG. 21(b), awidth 
L3 of the groove 28 (27) in the bail nut 22 is enlarged, 
and correspondingly the outside diameter of the circular 
cam follower 120 is enlarged. Further, a width L4 of the 
distal end 1 1 4a of the two-branch section 1 1 4 is short- 
ened. Consequently, for example, even if the aim mem- 
ber 1 01 is inclined to the left side or right side from the 
state shown in FIG. 2 1 (b), interference between the 
side wall 22a of the groove 28 (27) and the distal end 
114a of the two-branch section 114 can be effectively 
prevented. As a result, the distance L2 between the dis- 
tal ends 11 4a can be made smaller than the outside di- 
ameter L1 (see FIG. 1 7(a)) of the ball nut 22, as shown 
in FIG. 21 (a). That is, it is possible to reduce the space 
occupied since it is possible to make the configuration 
of the two-branch section smaller, 
[01 62] FIGS. 22(a), (b) show still an other example of 
the arm member. As shown in FIGS. 22(a), (b), the width 
L3 of the groove 28 (27) in the ball nut 22 is formed to 
be large, and correspondingly the outside diameter of 
the circular cam follower 120 is enlarged. Further, the 
width L4 between the distal ends 1 1 4a of the two-branch 
section 1 1 4 is reduced. As a result, even if the arm mem- 
ber 1 01 is inclined to the right side or left side from the 
state shown in FIG. 22 (b), interference between the 
side wall 22a of the groove 28 (27) and the distal end 
114a of the two-branch section 114 can be effectively 
blocked. Consequently, as shown in FIG. 22(a), the 
width (distance) L2 between the distal ends 114a can 
be made smaller than a width L5 of the ball nut 22. That 
is, it is possible to make the configuration of the two- 



branch section 114 small, whereby it is possible to re- 
duce the occupied space. Because the configuration of 
the arm member 101 shown in FIGS. 22(a), (b) is sym- 
metrical with respectto the center line in the vertical di- 

s rection in (a), like those shown in FIGS. 1 7 to 20 above, 
the arm member 101 can be constructed by joining to- 
gether two components of the same shape that are sep- 
arated into left-right sections with respect to this center 
line. Consequently, production costs can be reduced 

'o through mass production of components having the 
same shape. 

(4) Range control shaft 

1s [0163] FIGS. 11 and 23 are semi-exploded perspec- 
tive views of the range switching device 100, showing 
the range control shaft 102 of this embodiment. 
[0164] As shown in these figures, the range control 
shaft 102 includes a distal end supporting section 121 , 

20 an arm fitting section (rectangular prism section) 1 22, a 
sensor fitting section 1 23, a rear end supporting section 

124 and a lever fitting section 125, in that order from the 
distal end side (the upper section in FIG. 11) to the prox- 
imal end side. The distal end supporting section 121 is 

25 formed to be cylindrically, and fits into a cylindrical con- 
cave section 1 4a in the upper cover 1 4 of the case mem- 
ber 10. That is, the distal end supporting section 121 
has a spigot-joint like configuration and is supported ro- 
tatablybytheconcavesection 14a, Because this spigot- 
so joint like configuration is adopted, it is no longer neces- 
sary for the distal end of the range control shaft 102 to 
be tightened with a nut. As a result, when the SBW unit 
is assembled to the ATT case 12, attachment to the A/T 
case 12 can be executed after the SBW unit itself is as- 
35 sembled, thereby reducing the total numberof assembly 
steps. 

[0165] The arm fitting section 122 is formed as a 
square pipe, and fits into the rectangular through hole 
(fitting section) 126 made in the arm member 1 01 . The 

<f£> sensorfitting section 123 has a step and passes through 
the center of the position sensor 8 and is fitted in the 
through hole provided in the position sensor 8. The rear 
end supporting section 124 is formed so as to be cylin- 
drically, and is rotatably supported by a needle bearing 

45 (bearing member) 127 attached to a part (the case 12) 
of the automatic transmission. The lever fitting section 

125 is formed as a square pipe, and fits into the rectan- 
gular through hole 43 in the detent lever 40. Because 
the range control shaft 1 02 is supported at by both ends 

so in the length direction, namely, the distal end supporting 
section 121 and the rear end supporting section 124 are 
supported rotatably by the concave section 1 4a and the 
needle bearing 127, the influence of angle error on the 
position sensor 8 can be reduced. 

55 [0166] If only the distal end supporting section 1 21 of 
the range control shaft 102 has such a spigot-joint like 
configuration, when the SBW unit is installed onto the 
A/T case 12, non-required inclination of the range con- 
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trol shaft 102 is liable to occur. 
[01 67] Thus, according to this embodiment, by adopt- 
ing the spigot-joint like configuration for the fitting con- 
figuration, namely a fitting configuration 128, in which 
the case member 1 0 of the SBW unit is fit to the ATT s 
case 12, this non-required inclination can be inhibited. 
As a result, by fitting the SBW unit after assembly into 
the AT case 12, the A/T case 12 and the SBW unit is 
accurately connected and at the same time, the distal 
end supporting section 121 of the range control shaft to 
1 02 is fitted into the concave section 1 4a. Consequently, 
the range control shaft 1 02 is rotatably supported by the 
distal end supporting section 121 and the rear end sup- 
porting section 124, thereby inhibiting occurrence of 
non-required inclination of the range control shaft 102. is 
[0168] By adopting this configuration in which the 
case member 10 is installed externally on the casing 
(equivalentto the A/T case 12 of the embodiment) of the 
power train, the range switching device can be installed 
onto the casing as a single unit together with the case 20 
member 10. Therefore, this range switching device can 
be easily installed on a vehicle that is not provided with 
the range switching device of the present invention. The 
term "power train" mentioned here refers to: an engine 
as a drive unit; an automatic transmission (A/T) that au- ss 
tomatically executes a take-off operation and speed 
change operation; a semi-automatic transmission in 
which speed change is carried out manually; a continu- 
ous variable transmission (CVT) capable of controlling 
a speed charge ratio of a shifted gear; an internal com- so 
bustion engine and an electric motorfor driving a hybrid 
vehicle; or a motor for driving an electric motor. 

(5) First control unit (SBW, CU) and second control unit 
(A/T, ECU) 35 

[0169] According to this embodiment, as shown in 
FIGS. 10(a), (b), the first control unit 104 for controlling 
the motor 4 and the second control unit 1 05 for control- 
ling the automatic transmission are separate. That is, *o 
the first control unit 104 for controlling the motor 4 is 
provided on a separate substrate from the second con- 
trol unit 105. Further, the first control unit 104 and the 
second control unit 1 0S are housed in independent con- 
cave housing chambers 130 and 131, which have dif- 45 
f erent sizes. These housing chambers 1 30 and 1 31 are 
divided by a wall section 132. Thus, the second control 
unit 105 can use the same case, even when the final 
product does not employ the first control unit 1 04. Fur- 
ther, because the first control unit 1 04 and the second so 
control unit 105 are housed in the accommodating 
chambers 130 and 131 having different sizes, they can 
be easily positioned at the time of installation and their 
positioning accuracies can be improved. Moreover, in 
the case of bonding the first and second control units 55 
104 and 105 with adhesive agent, even if excessive ad- 
hesive agent is applied, there is no possibility that that 
the adhesive agent will flow out into the other accom- 



modating chamber, thereby impairing the control unit 
therein. Further, if the accommodating chambers 104 
and 105 are configured such that they communicate 
with each other by providing a gap in the top section of 
the wall section, the number of breathers can be re- 
duced to one, as compared to a case when two breath- 
ers are needed due to the first and second control units 
1 04 and 1 05 being accommodated in separate accom- 
modating chambers. 

Seventh embodiment 

[0170] FIG. 24 is a perspective viewthat schematical- 
ly shows the configuration of a range switching device 
140 of this embodiment. 

[0171] According to this embodiment, an intermediate 
member 1 50 is disposed between the conversion mech- 
anism 5 and the range switching member 7. The inter- 
mediate member 150 includes the range control shaft 
102 which is freely rotatable, the detent lever 40 in- 
stalled on the top of the range control shaft 102, and an 
arm member 1 01 E installed on the bottom of the range 
control shaft 102. The range control shaft 102, the de- 
tent lever 40 and the arm member 101 E rotate (swing) 
in an integrated manner around the range control shaft 
1 02. The detent Iever40 has a plurality of range grooves 
a, c, e and g. When the detent lever 40 rotates such that 
the roller 42, which is held at the distal end of the detent 
spring 41 , engages with any one of these range grooves 
a, c, e and g due to urging force thereupon, the range 
switching member 7 is positioned at a predetermined 
corresponding position via the intermediate member 
150. 

[0172] The arm member 1 01 E shown in the figure has 
three arms 101a, 101b and 101c. These three arms 
101a, 101b and 101c are disposed at positions that are 
substantially 120 degrees apart in thecircumferentia! di- 
rection. Of these arms, the arm 101a is engaged with 
the ball nut 22 that constitutes, along with the ball screw 
shaft 21 , a ball screw (which act as the conversion 
mechanism 5). The arm 1 01 b is connected to the range 
switching member 7 through the connecting member 
7a. The arm 1 01c is connected to the parking rod 74 of 
the parking mechanism 73. Referring to the figure, the 
range switching member 7 is disposed at the P range 
(parking) and then, the parking rod 74 is moved in the 
direction of the arrow. Accordingly, the compression 
spring 77 is urged in the direction of the arrow by the 
flange section 76 that is integrated with the parking rod 
74, and the wedge 75 is urged in the direction of the 
arrow by this compression spring 77, so that the parking 
pole 80 is urged upward. As a result, if the parking gear 
82 is rotated slightly, the pawl 83 of the parking pawl 80 
engages theparking gear 82 so that lockingtakes place. 
[0173] According to this embodiment, the ball screw 
shaft 21 for moving the ball nut 22, the range switching 
member 7 and the parking rod 74 are disposed such that 
their axes are located on substantially the same plane. 
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Consequently, when the arm member 1 01 E swings, only 
a rotation force around the range control shaft 102 is 
applied, and no other unnecessary rotation force is gen- 
erated. Further, the ball screw shaft 21 and the parking 
rod 74 are disposed substantially in parallel to each oth- 
er and the movement direction of the ball nut 22 is op- 
posite to the movement direction of the parking rod 74. 
Additionally, the range switching member 7 is disposed 
perpendicular to the ball screw shaft 21 and the parking 
rod 74, so that it moves in the perpendicular direction. 
[0174] Because the three members, that is, the ball 
screw shaft 21 , the range switching member 7 and the 
parking rod 74 are disposed with the above described 
positional relationship and movement directions with re- 
spect to the arm member 101E, the range switching 
member 7 and the parking rod 74 can operate smoothly 
with a linear motion along the length direction, as a result 
of the swinging motion of the arm member 101 E origi- 
nating from the linear motion of the ball nut 22. Further, 
the movement direction of the range switching member 
7 is different from the movement direction of the parking 
rod 74, so that when the range switching member 7 is 
moved, it is unlikely to be affected by the movement of 
the parking rod 74. Therefore, movement accuracy and 
positioning accuracy of the range switching member 7 
can be improved. 

[0175] In the above description, an example has been 
described in which the parking rod 74 is disposed in par- 
allel to the ball screw shaft 21 and the range switching 
member 7 is disposed at right angles thereto. However, 
the invention is not limited to the above description, and 
by interposing the arm member 1 01 E in the above de- 
scribed manner, the movement directions of the parking 
rod 74 and the range switching member 7 may be set 
as chosen. In other words, it is possible to set the posi- 
tional relationship and the movement direction of these 
members as chosen, thus allowing design freedom to 
be substantially improved. It should be noted that, if nec- 
essary for reasons related to space constraints, the ball 
screw shaft 21 , the range switching member 7 and the 
parking rod 74 do not need to be disposed on the same 
plane. 



Claims 

1. A vehicle running range switching device that exe- 
cutes switching among a plurality of running ranges 
of a vehicle from one of the running ranges to a pre- 
determined running range selected by a vehicle 
driver, by switching a range switching member 
based on an electric signal, comprising: 

a rangeselection unitthat is used by the vehicle 

driver to select the running range; 

a motor which is controlled according to a signal 

from the range selection unit; 

a conversion mechanism for converting rotary 



motion of the motor to linear motion; and 
an intermediate member for converting linear 
motion obtained by the conversion mechanism 
to swinging motion, wherein 

5 the range switching member, which is disposed 

so as to be capable of movement across a plu- 
rality of selection regions corresponding to the 
plurality of running ranges, is switched to a spe- 
cific selection region based on swinging motion 

10 of the intermediate member. 

2. The vehicle running range switching device accord- 
ing to claim 1 , wherein the intermediate member is 
disposed between the range switching member and 

f5 the conversion mechanism, and the range switch- 
ing member is switched to a specified selection re- 
gion among the plurality of selection regions 
through the intermediate member based on rotary 
motion of the motor. 

20 

3. The vehicle running range switching device accord- 
ing to claim 1 or 2, wherein the intermediate mem- 
ber has an armmemberforconverting linearmotion 
obtained by the conversion mechanism to swinging 

25 motion. 

4. The vehicle running range switching device accord- 
ing to claim 1 , 2 or 3, further comprising: 

30 a detent mechanism for holding the range 

switching member in a specified selection re- 
gion among the plurality of selection regions 
through the intermediate member. 

3s 5. The vehicle running range switching device accord- 
ing to claim 4, wherein the detent mechanism has 
a detent member that is integrated with the arm 
member, and the arm member converts linear mo- 
tion of the conversion mechanism to swinging mo- 

40 tion and transmits to the detent member. 

5. The vehicle running range switching device accord- 
ing to claim 4 or 5, wherein the range switching 
member is connected to the detent member. 

45 

7. The vehicle running range switching device accord- 
ing to claim 4, 5 or 6, wherein 

the conversion mechanism is configured so 
as to be capable of reciprocally converting between 
so rotary motion and linear motion, 

the range switching member is moved to a 
specified selection region of the plurality of selec- 
tion regions by rotation of the motor controlled in 
accordance with an electric signal from the range 
55 selection unit, and 

the detent mechanism positions and holds the 
range switching member moved to the specified se- 
lection region at a specified position. 
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8. The vehicle running range switching device accord- 
ing to claim 7, wherein the range switching member 
is a manual valve and the intermediate member 
converts rotary motion of the motor to linear motion 
that slides the manual valve so as to position the s 
manual valve in a specified selection region of the 
plurality of selection regions. 

9. The device according to any one of claims 1 to 6, 
further comprising: "> 

a case member on which the motor is mounted, 
a position detecting unit for detecting the posi- 
tion of the range switching member, wherein 
the case member accommodates at least one IS 
of a first control unit for controlling the motor 
based on an output from the position detecting 
unit and a second control unit for controlling a 
transmission. 

20 

10. The vehicle running range switching device accord- 
ing to claim 9, wherein the position detecting unit 
detects the position of the range switching member 
through the intermediate member. 

25 

11 . The device according to any one of claims 1 to 10, 
wherein the conversion mechanism is a ball screw 
including a ball screw shaft rotated by the motor; a 
ball nut which engages with the ball screw shaft so 

as to be capable of axial direction movement with 30 
respect thereto and which is moved by rotary mo- 
tion of the ball screw shaft; and balls interposed be- 
tween the ball screw shaft and the ball nut. 

12. The device according to any one of claims 1 to 11 , 35 
wherein the conversion mechanism includes an ax- 
ial cam member having a spiral cam groove which 

is rotated by the motor, and a roller-shaped cam fol- 
lower which is rotatably supported by the arm mem- 
ber and which is moved along the cam groove by 40 
rotation of the cam member. 

13. The device according to any one of claims 3 to 12, 
wherein the range switching member isjoinedto the 
arm member. 45 

14. A vehicle running range switching device that exe- 
cutes switching among a plurality of running ranges 
of a vehicle from one of the running ranges to a pre- 
determined running range selected by a vehicle so 
driver, by switching a range switching member 
based on an electric signal, comprising: 

a range selection unit that is used by the veh icle 
driver to select the running range; 55 
a motor which is controlled according to a signal 
from the range selection unit; and 
a conversion mechanism for converting rotary 



motion of the motor to linear motion so as to 
switch the range switching member, 
the conversion mechanism including a screw 
member which rotates based on rotation of the 
motor, a nut member which is fastened to the 
screw member, and a rotation stopping unit 
which prohibits rotary motion of the nut member 
and which allows linear movement along the 
screw member, and the nut member being 
moved linearly by rotation of the screw member 
so as to switch the range switching member. 

15. The vehicle range switching device according to 
claim 14, wherein the rotation stopping unit is sup- 
ported by a case member. 

16. The device according to claim 14or 15, wherein the 
case member accommodates at least the conver- 
sion mechanism. 

17. The device according to claim 14, 15 or 16, wherein 
the rotation stopping unit includes a guide groove 
formed in the nut member in the axial direction of 
the screw member; and an engagement member 
which loosely fits into the guide groove and which 
is held by the case member. 

18. The device according to claims 14, 15, 16 or 17, 
wherein the conversion mechanism includes a ball 
screw shaft that acts as the screw member, a ball 
nut that acts as the nut member and an arm member 
which is engaged with the ball nut and which swings 
with linearmotionoftheball nut so as to switch the 
range switching member, the arm member having 
a two-branch section which is engaged with the ball 
nut so as to sandwich both sides of the bail nut in 
the diameter direction thereof. 

19. A vehicle running range switching device that exe- 
cutes switching among a plurality of running ranges 
of a vehicle from one of the run ning ranges to a pre- 
determined running range selected by a vehicle 
driver, by switching a range switching member 
based on an electric signal, comprising: 

a range selection unit that is used by the driver 
to select the running range; 
a motorwhich is controlled according to asignal 
from the range selection unit; 
a conversion mechanism for converting rotary 
motion of the motor to linear motion so as to 
switch the range switching member; and 
an auxiliary switching unit for switching the 
range switching member based on manual op- 
eration, regardless of the electric signal. 

20. The vehicle range switching device according to 
claim 19, whereinthe auxiliary switching unit is con- 
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nected to a power transmitting member for trans- 
mitting power from the conversion mechanism to 
the range switching member, such that the auxiliary 
switching unit is capable of being disconnected 
from the power transmitting member in order to en- s 
able selectively switching of the range switching 
member. 

21 . The device according to claim 1 9 or 20, wherein the 
auxiliary switching unit switches the range switch- to 
ing member by driving the conversion mechanism 
through the manual operation. 

22. The device according to claim 1 9 or 20, wherein the 
auxiliary switching unit switches the range switch- is 
ing device by driving an intermediate member dis- 
posed between the conversion mechanism and the 
range switching member using manual operation. 

23. The device according to claim 19, 20, 21 or 22, 20 
wherein the conversion mechanism includes ashaft 
which rotates due to rotation of the motor, and a 
member which is disposed outside of the shaft and 
which moves linearly along the shaft, the auxiliary 
switching unit being connected to same member so 25 
as to be capable of engagement and disengage- 
ment therewith, thus enabling selective switching of 
the range switching member. 

24. The vehicle range switching device according to 30 
claim 23, wherein the auxiliary switching unit has an 
axial member which is disposed in parallel to the 
axis of the shaft and which is slid in the axial direc- 
tion by manual operation. 

35 

25. The device according to any one of claims 1 9 to 24, 
wherein the conversion mechanism Includes a ball 
screw shaft that is rotated by the motor; a ball nut 
which engages with the ball screw shaft so as to be 
movable in the axial direction and which is moved 40 
by rotary motion of the ball screw shaft; and balls 
interposed between the ball screwshaft and the ball 
nut. 

26. The device according to claim 25, wherein the aux- 45 
iliary switching unit is connected to the ball nut so 

as to be capable of engagement and disengage- 
ment therewith, thereby enabling selective switch- 
ing of the range switching member. 

so 

27. The device according to claim 25 or 26, wherein the 
ball nut has a protrusion that protrudes toward the 
axial member side, and the axial member has a 
hook which engages the protrusion when the axial 
member is slid in the axial direction so as to move ss 
the ball nut. 
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